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SECTION 1
INTRODUCTION

As a part of the State Acid Rain (STAR) Program, the U.S. Environmental
Protection Agency's (EPA's) Office of Program Development is evaluating a
wide variety of issues that could confront State program managers if they
were faced with the task of implementing acid rain legislation. One area of
particular interest is the possible increased use of continuous emission
monitors (CEM's) to measure compliance in an acid rain control program.
CEM's are being mentioned frequently 1n’§arious legislation approaches to
acid rain control.

This project on CEM's stems from the second National .STAR Program Work-
shop held in Asheville, North Carolina, in October 1986. At this workshop,
participants from State air program offices discussed major problems encoun-
tered in managing both "total emission" and “emission rate" approaches to an
acid rain control program. One major operational issue dealt with the role
of CEM's. Because states have little or no experience with dynamic manage-
ment of emissions to meet either a state reduction target or a statewide
emission rate, no census emerged on how to handle these problems. The pur-
pose of this project is to focus on identifying and seeking resolution to
some of the uncertainties and problems related to expanded use of CEM's for
acid rain control programs. Emphasis is placed on CEM's for 502 and NOx,

although data were also gathered on opacity monitors for particulate control.
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Section 2 of this report presents an overview of the numbers and types
of CEM's being used in the United States, the state of the art of CEM tech-
nology, and information on process improvements that CEM's can provide. A
comparison of U.S. and foreign approaches to the use of CEM's is also pro-
vided. Obstacles associated with current use CEM Systems that would affect
their expanded use in an acid rain program are also identified. §ection 3
presents an evaluation of the potential for expanded use of CEM's for acid
rain control programs based on interviews with equipment vendors, utility and
industrial users of CEM's, and State and EPA Regional Office personnel. The
views of each of these groups are compared and contrasted in the assessment
of the potential for expanded use of CEM's. Section 4 coﬁtains conclusions
on expanded use of CEM's based on the resylts of the study. An appendix
contains a full report of the data provided by CEM vendors for assessing the

state of the art for CEM's.



SECTION 2
CEM TECHNOLOGY AND POLICY PERSPECTIVE

The application of continuous emission monitoring systems .t0 measure the
emissions from stationary sources has attracted much attention in industry
and government. Regulations by the Federal, State, and local enforcement
agencies have resulted in the relatively widespread use of CEM's in certain
industries; however, some had previously used CEM's for process control.
Table 2-1 lists the source categories that must use CEM systems under the New
Source Performance Standards (NSPS). The EPA also requires the use of CEM
systems through Prevention of Significant Deterioration (PSD), State Imple-
mentation Plans (SIP's) and National Emission Standards for Hazardous Air
Pollutants (NESHAP's). As a result, many States have now adopted CEM re-

quirements -for existing sources and have revised SIP's to include CEM regula-

M%?aﬂhrlb’ tions.
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The number of CEM system installations has increased over the past few

years Tables 2-2 and 2-3 present a partial listing of operating CEM systems

i

by State and EPA Regien, respective g These tables are based, on data in- ;ﬂ;(u?iu

aborfrmucep Epawiss ien tj; g
cluded in the® Compliance Data System (CDS),”as of ebruary 19§§"they do not

account for the total number of CEM's in operation acro;;-the Nation.

The EPA and State monitoring regulations primarily require the monitor-
ing of opacity, sulfur dioxide (SO ), and nitrous oxides (NO ) emissions.
Some sources also may be required to monitor total reduced sulfur (TRS),

carbon monoxide (CO), hydrogen sulfide (H 25), carbon dioxide (COZ)’ and
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TABLE 2-1. SUMMARY OF NSPS CONTINUOUS EMISSION MONITORING REQUIREMENTS ,ﬁi}ﬁ7<134?(5:

Source category

Affected facility

Subpart D - Fossil-fuel-fired
steam generators for which
construction is commenced
after August 17, 1971

Subpart Da - Electric utility
steam generating units for
which construction commenced
after September 18, 1978

Subpart Db - Industrial,

commercial, institutional steam
generating units

Subpart G - Nitric acid plants

Subpart H - Sulfuric acid plants
Subpart J - Petroleum refineries
Subpart P - Primary copper
smelters

Subpart Q - Primary zinc smelters

(continued)

Fossil-fuel and fossil-fuel/
wood residue fired generators
with capacity >250 million Btu/h
(73 MuW)

Fossil-fuel, fossil-fuel/mixed
fuel, and combined cycle gas

turbines with capacity >250 million

Btu/h (73 MW)

Steam generating units with capacity

>100 million Btu/h (29 MW), petroleum
refineries applicable under Subpart J,

and incinerators applicable under Subpart E

Process equipment

Process equipment

Fluid catalytic cracking unit catalyst
regenerator, fuel gas combustion, and
Claus sulfur recovery plants with capacity

>20 LT/D -

Dryer, roaster, smelting furnace, and

copper converter

Roaster and sintering machine

S0,, NO
Opacity, and
0, or CO,

Opacity, and
0, or Co,

S0,, NOx
Opacity, and
0, or CO,

NO,
S0,

€0, s0,, H,S,
Opacity

S0,, Opacity

S0,, Opacity
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(TABLE 2-1 continued)

Source category

Affected facility

CEM type

Subpart R - Primary lead smelters

Subpart Z - Ferroalloy production
facilities

Subpart AA - Steel Plants:
electric arc furnaces constructed
after October 21, 1874, and on or
before August 17, 1983

Subpart AAa - Electric arc furnaces
and argon-oxygen decarburization
vessels constructed after August
7, 1983

Subpart BB - Kraft pulp mills

Subpart HH - Lime manufacturing
plants

Subpart NN - Phosphate rock plants

Subpart FFF - Flexible vinyl and
urethane coating and printing

Subpart LLL - Onshore natural
gas processing: SO, Emissions

Sintering machine, sintering machine

. discharge end, blast furnace, dross

reverberatory furnace, electric smelting
furnace, and converter

Electric submerged-arc furnace

Electric arc furnace

Electric arc furnaces and argon-oxygen
decarburization vessel

Recovery furnace, lime kiln, digester,
brown stock washer, evaporator, oxida-
tion, and stripper system

Rotary lime kiln

Dryer,ICalciner, and grinder in a
facility with production capabilities of
>4 tons/h

Rotogravure printing line with solvent-
recovery control device

Sweetening unit or sweetening unit with
a sulfur recovery unit that has a design
capacity of >2 LT/D H,S in the acid gas

S0,, Opacity

Opacity

Opacity

Opacity

Opacity, total
reduced sulfur
(TRS)

Opacity

Opacity

voC

50,




TABLE 2-2.

CONTINUOUS MONITQRING SYSTEM FOR *

(4

PR

e

ALL SOURCES WITH OPERATING CEM SYSTEMS BY STATE ,
— ’ e
Total No. Total No. of '/ /75,
State CEM systems State CEM systems, ‘“—
Alaska 1 Mississippi ) B
Alabama 10 Montana 1 ¢
Arkansas 6 Morth Carolina 7
Arizona 4 North Dakota 5
California 3 Nebraska Zg)
Colorado 7 New Hampshire !
Delaware 2 New Jersey 3
Florida 23 New Mexico 5:
Georgia 13 Nevada 4
Hawaii New York 7
Towa @ Ohio 100*
ITlinois OkTahoma
Indiana Pennsylvania (2
Kansas (12 Puerto Rico
Kentucky - South Carolina 8
Louisiana 17 Tennessee 12
Massachusetts 4 Texas 27
Maryland 1 Utah 2
Maire 3 Wisconsin 14
Michigan 34 West Virginia 2
Minnesota Wyoming 7
Missouri 7

* The Ohio EPA reported actual numbers of CEM's as 224,

This includes 196

opacity, 21 gaseous emission, 5 vinyl chloride, and 2 H,S monitoring
systems.

Source: EPA Compliance Data System Quick Look Report, 2/12/88.

TABLE 2-3. CONTINUOUS MONITORING SYSTEM FOR ALL SOURCES
WITH OPERATING CEM SYSTEMS BY EPA REGION
Total No. of
Region CEMS Systems f}/%Vz;
, : i
Il 11
Il 7 -
Iv 87
v 213
v 63
e eg
I 22
IX 12
X 1

Source: EPA Compliance Data System Quick Look Report, 2/12/88.
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oxygen (02). In 1975, the EPA promulgated comprehensive requirements for the
CEM systems and laid down the minimum specifications with which the system

should comply. These are discussed later in this section.

STATUS OF CEM'S IN THE UNITED STATES - /1J~<D
Although the U.S. EPA has formulatﬁf/guide1ines on the use of CEM sys-
States under the Clean Air Act. Moreé;ér, the U.S. EPA requirements excluded
A‘?c!} those sources built or under construction prior to August 1971 and do not
Zi( ¢ 5 include all existing source?f The inclusion of existing sources is left up
‘4wuuﬂNM‘0n to the States. Because the program lacks a uniform national policy, it is
fwﬁnuﬂt perce1ved by many as being inherently inconsistent and unfair.
SszﬁéﬁVﬂZ;/, Soon after the introduction of CEM’requirements and regulations, the EPA
@d@F;;:;' realized that many States had failed to comply with the CEM regulations and
équﬂﬁ1 that those that had complied were not actively implementing or enforcing
/F7 'l- their CEM regulations (Quarles and Peeler 1986). In addition to policy
‘f issues, the EPA realized that several serious technical concerns were responsi-
tﬂa) ’ ble for the States' reluctance to implement the CEM regulations. The techni-
ﬂﬁ’l:}CW“‘l cal concerns resulted from'assumgt1ons regarding the unreliability of CEM's,
P??ﬁa[ .Eéathe burden of the operation and maintenance of CEM's, and the difficulty
470

h

. a“7 entailed in reviewing and interpreting reported data (Quarles and Peeler

W¥ 1986). Since then, several studies have been made on the use of CEM systems,
and most of the apprehensions have reportedly been resolved. Efforts by the
CEM manufacturers, industrial users, and control Agencies, coupled with
recent technical and methodological progress, are believed to have improved

the technological feasibility and cost-effectiveness of CEM systems. As a
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result, these systems are believed to give more reliable measurements and tv/,tfék
/

thus facilitate regulation and control of air pollution from stationary
~

sources. Policy issues are still being discussed and deb té&l however.

The increased concern over the problem of ggjd/?g?;f:as prompted the
Agency to consider the use of CEM system;/to”d;;ermine continuous compliance
with the standards for 502 and NOx. /Cﬁ;;ently, data generated Qy CEM systems

e used more as an indicator of compliance, than as a basis for checking

%ﬂ‘g \fvcompliance. The State of Pennsylvania recently implemented a program requir-

QwN?Mk0§ ing facilities that have solid-fossil-fuel-fired combustion units with heat
<

)M_{Cglg

input capacities greater than 250 million Btu/h to monitor their opacity and

502 and NOx emissions continuously. The data obtained from the CEM sytems

are used to determine compliance with emjssion standards. The enforcement
policy is based on the principle that uniform and reasonable compliance is
expected, that significant violations will be penalized, and that corr

actions will be initiated for severe problems. Despite £} Uccess of the

program in Pennsylvania, consfderable aﬁbrehen&f about the use of CEM Amfzi

Systems for compliance purposes still exists in the industry and in some ZIZTIQ-Jﬁa

%

”ufgéf

agencies. This apprehension seems to result from perceptions that the tech-
nology is still not fully mature, that it is prone to unreliable results, an

that the Agency lacks a consistent and we]1-definqé:ffjfiffTsﬂt,DOTicy. (Cﬁfﬂwﬂuﬁ
- /m//ﬁa&? :
STATE-OF-THE-ART CEM TECHNOLOGY ' .

A wide range of CEM systems are manufactured and marketed in the United
States. The gaseous emissions monitors use either extractive or in situ
systems for analytical purposes. Extractive systems involve extraction,

transportation, and analysis of the sample, while in-sity monitoring systems
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perform gas analysis as it exits the stack by different types of advanced
spectroscopic methods.

The analytical techniques used in continuous source monitors encompass
a wide range of chemical and physical methods. The chemical methods vary
from basic coulometric titration to the measurement of 1ight produceﬁ in
chemiluminescent reaction. These systems use methods varying from the basic
physics principles of light scattering to the more complex prinéip1és of
detecting light absorption by second-derivative spectroscopy. Table 2-4
summarizes the principles of chemical physics currently used in ma}keted CEM
systems. Although somewhat dated, the EPA Handbook "Continuous Air Pollution
Source Monitoring Systems" (1979) gives comprehensive information on the
various monitors and is the most curreng.handbook on the subject available
through the Agency.

Selection of a monitor depends on the EPA criteria for the Performance
Specification Test. After its installatio s @ gaseous eMission, monitor must
utlwﬂaﬂ wCFR., _ ? E”yﬁf

meet specifications listed in Table 52g. The EPA hasidgigggﬁggpthe test )‘ -
procedures, but the Agency does not conduct any tests fo certify the various /?004
brands available in the market. Table 2-6 summarizes the perfo ata ‘Jcﬂﬁé%
obtained by contacting different CEQ:iZffEEEEEE§E$§‘7H_EE;fE;;;§za:::;es.
The information presented in Tables 2-5 and 2-6 although reported in differ-
ent format suggests that most monitors in the market appear to comply with
the EPA performance specifications. Surveys and studies undertaken by the EPA
(Quarles and Peeler 1986) indicate that CEM Systems ar é;paglgbof performing
reliably in the field. This is corroborated by the successful implementation

of the CEM-based compliance program in Pennsylvania. 4/ EN
[ s

t?”']é ’2%22 | '?~__,/ 2% éigr/L;VTLbAé: > f}

O P

/ﬂ/&tﬂb&? /u"-:;,z,m S ant Y
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TABLE 2-4.

PRINCIPLES USED IN EMISSION MONITORS

Gaseous emission monitors

Extractive In Situ
Opacity monitors systems systems
Visible light Absorption Spectroscopy Cross-Stack

scattering and
absorption

Luminescence Methods

Chemiluminescence (NOX)

Fluorescense (S0,)
Flame photometry

Nondispersive infrared
Differential absorption

Differential absorption
Gas-filter correlation

In-Stack
Second-drerivative
spectroscopy
Electrocatalysis (0,)

Electroanalytical Methods
Polarography
Electrocatalysis (0,)
Amperometric Analysis

Conductivity
Paramagnetism (0,)

TABLE 2-5. REQUIREMENTS FOR SO2 AND NOx MONITORS

Parameter Requirement
- Accuracy 20%
Calibration error 5%
Zero drift (2-h and 24-h) 2% of span

Calibration drift
(2-h and 24-h)

Response time

Operational period

2.5% of span
15 min (max.)
168 hours

TABLE 2-6. PERFORMANCE DATA OBTAINED FROM VENDOR SURVEY

Parameter Requirement
Accuracy + 1 percent
Calibration error
Zero drift 0.5 to 1%/7 days
Span drift 1-4%/7 days
Response time 2-200 s

Operational period
Repeatability

+0.2% of full scale




STATUS OF CEM SYSTEMS ABROAD

In the Federal Republic of Germany and Japan, CEM's are used extensively
to ensure emissions compliance. Both of these countries (especially Japan)
use a telemetric system where data are accessed by agencies via telecommuni-
cations links to monitor emissions; however, information on the systems and
regulatory programs abroad is generally sparse. Germany has been basing
compliance on a CEM system program for approximately two decade; and has
considerable experience in its implementation. The German program is consid-
ered herein in some detail to give a perspective on use of CEM systems for

regulatory compliance.

State of the Art of Germany's Technology

The technology available in Germanx,is similar to that in the United
States, and the German instruments operate on the same principles of physics
as those listed in Table 2-4. Instruments must demonstrate the performance
characteristics 1isted in Table 2-7 before they can obtain Federal agency
approval for use. The performance characteristics are tested in a Federal
"Suitability Test." Tables 2-5 and 2-7 show that the overall performance
characteristics required here and in Germany are quite similar. Details on
the vendors and the particular models offered in Germany can be obtained from
the Federal Minister of the Interior, Germany (1985). Figure 2-1, which was

prepared by the German EPA, Umweltbundesamt (UBA), shows the different types

of monitors used to measure various pol]utants 1n Germ an{ ,22 CE 57 e %

SV
CEM Program in Germany W: m’f‘;%/ /aéz L/ =

A complete description of the CEM System - based compliance monitoring

program and the legal issues can be obtaired in the Federal Minister of the
Interior, Germany (1985). Figure 2-2 presents a schematic overview of the
overall emissions measurement and monitoring program, whereas Figure 2-3

2-9
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TABLE 2-7. PRINCIPAL PERFORMANCE CHARACTERISTICS AND THE MINIMUM
REQUIREMENTS OF SUITABILITY TESTS FOR EMISSION-MEASQRING INSTRUMENTS
IN THE FEDERAL REPUBLIC OF GERMANY

Performance characteristics

Minimum requirements

Reference quantity
Analytical function

Lower detection Timit

Reproducibility

Zero point drift

Sensitivity drift

Availability

Interference error (response to
stated levels of interfering
substances present in the sample)

Period of unattended operation

Most sensitive indication range (full
scale), X

To be determined from reference measure-
ments by means of regression analysis

2%

To be determined from parallel measure-
ments with two homogeneous instruments

CIXI

R = > 30 (in special cases: 50, 10)

U is the uncertainty range

+2% within the period of unattended
operation

*l ... 4% within the period of unattended
operation (Reference quantity: slope of
the analytical function)

Three months operational test obligatory;
specified 90%; 95% to be striven for

4%

To be determined from the suitabiilty
test

a Nominal conditions of use under

complied with are:

° Ambient air temperature
° Ambient air humidity

° Droplet content of the air

which the minimum requirements must be

° Mains supply voltage
° Mechanical vibration
° Mechanical vibration

Source: Air Pollution Control Manual of Continucus Emission Monitoring,
published by The Federal Minister of the Interior, 1985.
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Beta Ray Absorption
Opacity
Photometry in situ
Qust
Transmission
Scatter Light
S
02 Conductometry
co Photometry | extractive
NDIR
| NDUV
NOx Gas Filter Correlation
Chemituminescence
ClL =
| Potentiometry
E-
/ Colorimetry
H2 S
Catalytic Combustion
2.C L
Flame.. lonization

Figure 2-1. Monitor types used to measure gaseous pollutants in Germany
(provided by UBA).
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3.2 Measurement and Monitoring of Emissions

3.21
Measurement sites

Measurement task

Measurement
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Requirements

Evaluation

Assessment
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3.2.2
Individual measurements

3.2.3
Continuous measurements

3.2.4 Monitoﬁng of
special substances

;

:

:

all pollutants

in point of quantity
relevant poliutants

carcinogenic or
high toxic substances

emission limit (EL)
given

emission in excess of
given mass flow

emission in excess of
given mass flow

1

g

1

state of measurement
technology; VDI-guidelines

suitability tested
instruments

state of measurement
technology

|

1

l

measurement report

automatically by
electronic system

measurement report

;

|

l

all values £ EL

daily values < EL
97% <1,2EL
$h-values {100% <2EL

daily mean values < EL

Figure 2-2. UBA overall emissions measurement and monitoring program overview.
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presents an overview of the pollutant measurements scheme adopted in Germany.,
Although it is beyond the scope of this work to discuss the legal, policy,
and technical issues of the German program, the salient features of the
evaluation and assessment policies are presented here.

The evaluation consists of the following important steps:

© The raw data obtained from the instrument are used to compute the
average value over a defined period of time--usually Half an hour.

° The computed averages are converted into desired physical measuring
quantities (mass or volume concentrations) by means of regression
curves obtained during calibration.

° A plausibility check and several other status checks are made to
ensure if the half-hour means are valid and representative. Only
valid means are converted into the standard condition (273K, 1013
mbar) and related to the defined oxygen reference level.

° The standardized half-hour mean values are classified into various
grades and stored as a frequericy distribution. At least 20 grades
should exist for such a classification, and the 10th grade should
correspond to the emissions 1imit. Half-hour mean values falling
within the confidence and/or tolerance ranges above the assessment
thresholds are combined to form special grades. .

° In parallel with the classification of the half-hour mean values,
daily mean values are formed on the basis of the classifiable
half-hour mean values. These are related to the daily operational
time and stored as frequency distribution in three grades.

° At the end of a year, the supervising authority uses the record of
the frequency distributions as the basis for assessing continuous
compliance by source. An emission limit value is regarded to be in
compliance if 1) all daily mean values are equal to or smaller than
the emission limit value; 2) 97 percent of the half-hour mean
values are equal to or smaller than 1.2 times the emission 1imit
value; and 3) all half-hour mean values are equal to or smaller
than twice the emission Timit value.

CEM ENFORCEMENT POLICY IN THE UNITED STATES
Currently, the State of Pennsylvania has a CEM System-based emissions

monitoring program that represents a model state program in the United States.
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Neither a national policy hor regulations are currently in place; however,
it has been sﬁggested that a national program be developed by guidelines
similar to those of the Pennsylvania program. Details on the Pennsylvania
program have been very well documented (Pennsylvania Department of Environ-
mental Resources 1983a,b,c, 1985; Nazzaro 1986; Kerstetter 1986)).

The following are important features of the Pennsyivania program:

° Installation and 0 eration/Maintenance Re uirements. Unlike
ermany, Pennsylvania does not have a 1st of approved equipment,
Thus, the first step in the installation of a CEM Tnvolves getting

Agency approval of the equipment to be installed for monitoring
purposes. This process consists of three steps. 1) Initial appli-
cation has to be submitted to the department to demonstrate the
capability of the system to meet all the regulatory requirements.
2) After successful verification that the equipment fulfills al]
the minimum requirements, the equipment must be field tested to es-
tablish its performance and accuracy under actual operating con-
ditions. The equipment installation has to be in compliance with
the Agency requirements. 3) After the field testing, a final
report summarizing the results must be submitted to the Department
for final approval.

° Data Reduction and Compliance Criteria. Table 2-8 specifies the
,%ﬁu*' ,, amount of valid data necessary to report an average for the speci-
\mmp GﬁMﬁﬁa“ fied time periods. A daily zero and span check for each analyzer
. 1¢jﬂﬁ%s also required for data validation. Calibration checks must be
4 made every quarter to ensure accuracy and reproducibility. Deter-
f mination of compliance with S0, emission standards for combustion
\\n, units is based on 1) a daily average limit never to be exceeded 2)
~ a daily average 1imit not to be exceeded more than twice in any
, %Mm gerunning 30-day period and 3) a running 30-day average limit never
w?"  to be exceeded. The assessment techniques take into consideration
Vwmngck7 the realities of actual operations and have built-in accommodations
zﬁﬂﬂf v, for soot blowing, startups, shutdowns, mailfunctions, measurement
' uncertainities, and daily performance. In addition, the following
information is required for each daily time period: 1) the daily
emission rate (if valid) in pounds S0,/million Btu, 2) the number
of valid hours of monitoring data, and 3) standardized reason codes
for either excess emissions or invalid data.
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TABLE 2-8. DATA REDUCTION CRITERIA FOR THE PENNSYLVANIA CEM PROGRAM

Averaging period Criteria

One-minute 75% valid data

One-hour 75% valid data

Three-hour 2 valid one-hour averages

Daily No more than 6 consecutive
invalid one-hour averages

Running 30-day 23 valid daily averages

° Audits. These consist of Department-conducted audits and "self
audits" conducted by the source. The Department audits consist of
1) a review of quarterly Excess Emissions Reports; 2) a field sys-
tems inspection, which is conducted semiannually to check the con-
figuration, equipment condition, equipment operation, and data
\&ﬂ handling of the CEM systems; and 3) field analyzer performance
%§ﬁ;vﬂ audits, which consist of checking CEM System analyzer and calibra-
>

S

#

5

tion system integrity. The latter is done by studying the results
of the CEM System analyzer with two different levels of calibration
gas, or sealed gas cells or neutral density filters.

\J

5

Pursuing its 1ntent of requiring sources to monitor gaseous emissions A;)q,
with CEM's, the EPA recently promulgated regulations that specify minimum
quality assurance and quality control procedures (QA/QC) - for controlling and
assessing the quality of data collected by CEM's and submitted to the Agency.

The requirements imposed by the regulations are similar to those required

under the Pennsylvania program and have been discussed in detail by Kline

(1988).

Differences In the Use of CEM Systems In the United States and Germany

The differences between the use of CEM systems in Germany and the United
States are as follows:

° Germany has a consistent and well-defined National policy on CEM
Systems. The U.S. EPA is still in the process of developing a

National Policy. \/~\b____,,~K;\,/ﬂ\\,,\\ \
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° Germam compliance testing is based on half-hour averages. The
ennSylvania program uses daily averages. The U.S. EPA recommends
@:l,averages on a national level as a part of the NSPS regula-
tio .

° The German program maintains a list of approved systems, whereas
the U.S. program does not. In the long run, maintaining such a
W MV‘J Tist would reduce the expensive formalities and time for both the

Agency and the sources. \, ,{%75 Hore mwply Hat ace 2 monda 15
et beA | Yo ki %( ? Wy Cank
' q)—\w 00& The German system requires thg s&uﬁ%ese‘r@g hlaw;% pg{l[jg‘l fi[%d p/e\)rgénngqqz bf

@-.‘7@6’ Mg]\ \‘ to maintain the system and to have a contract with the vendors for

10 ; :* routine maintenance (if the facility does not have the necessary
V v expertise). Such mandatory requirements are not found in the U.S,

O~ program. However, the frequency of calibration and checking in the
S,(g 7 United States is higher than it is in Germany.

——
—

© Agéﬁcy aJaT%‘s of fie system are performed e@ quarfg) in the
United States, whereas they are performed on¢ @ year in Germany,

° The philosophy and techniques for data reduction and validation of -
compliance are different in the two countries. The German method )
seems to reduce the amount of data to be handled without comprom- /
ising the quality. The use of statistical techniques in the German (

! ' program also provides the sources with a better) feed ystem for
' L assessing the performance of the process and taking corrective
actions.

(
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SECTION 3
EVALUATION OF EXPANDED USE OF CEM's

PEI contacted CEM vendors, sources using CEM's and enforcement agencies
to get opinions regarding expanded use of CEM's for acid rain regulatory
purposes. A list of questions was assembled that covered a spectrum of areas
related to CEM policy issues. A summary of the questions asked are listed in
Table 3-1. The questions were intended as points of discussion (rather than
an objective survey) because responses in most cases required qualification,
PEI telephoned the contacts and then forwarded a 1ist of questions along with
a cover letter for each contact's review. The plan was to call the study
participants back to discuss the questions; however, most. participants re-
sponded in writing.

As evidenced in the preceding section, the effectiveness of CEM techno-
Togy for use in enforcement has been demonstrated both domestically and
abroad. An EPA-sponsored study entitled "A Pilot Project to Demonstrate the
Feasibility of a State Continuous Emission Monitoring System (CEMS) Regula-
tory Program" (1986) clearly shows that such programs, although demanding,
can monitor sources effectively and enforce emissions standards in an objec-
tive manner. Some of the participants in this earlier study were purposely
included in this study in order to monitor any changes in their attitude in
retrospect. Other contacts were unaware of the pilot demonstration and

responded on the basis of their personal experience and natural biases.

(€8]
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TABLE 3-1. CEM POINTS OF DISCUSSION/QUESTIONS SUMMARY

I. GENERAL INFORMATION

° Number, type, and technology/design of on site CEM's (s0,, NO_, and
opacity) x

$ General cost information (analyzers, recorders,
startup/installation)

° General order-to-delivery time o

° Performagce record (availability, reliability, percent data
capture)

° Application (what type of service do the CEM's see?):
© Instrument expected 1ife:
° Vendor support (warranty period, etc.):

o Service required (e.g., scheduled ca]ibration/maintenance-annua],
monthly, daily, etc.): :

° Frequency of service calls (failure rate):

I1. FEELINGS ABOUT FUTURE EQUIPMENT TRENDS/ADVANCES IN CEMJTECHNOLOGY:
° Reliability/availability:

© Applicability (e.g., use in areas not possible with current
technology):

° User friendliness:

= Costs:

B

ITI. FEELINGS ABOUT IMPLEMENTATION ISSUES SURROUNDING EXPANDED USE OF CEM'S
FOR ACID RAIN OR RELATED CONTROL PROGRAMS:

° Advantages/positive aspects:
° Disadvantages/negative aspects:
° How much data needs to be reported to the air agency?

° At what frequency should emission data be reported (between the
extremes of Continuously and Annually?
(continued)
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TABLE 3-1 (continued)

° How should the frequency of reporting emission data be balanced
against manpower and resource availability?

= To what extent should CEM's be integrated into an automated
compliance system?

° If violoations only were reported to the air agency by an automated
compliance system, how do you feel your system should be verified
to ensure accurate reporting? .

° How would a CEM requirement affect your existing permit conditions?
IV. TECHNICAL, COST, AND PROGRAM REQUIREMENTS FROM THE UTILITY/INDUSTRIAL
PERSPECTIVE

° What would be the expected cost/availability of CEM's compared to
stack test and/or parameter monitoring strategies?

° Manpower requirements (insta]]a@jon and operation and maintenance):

° If voluntary CEM use was chosen, to what extent would vulnerability
to enforcement action be a concern? -

8 What would be the potential for improvements in boiler operation?
(Cost savings, cost-recovery and return on investment):

° Administrative overhead/interaction with state air agency:
° Maintenance requirements:

° Relationships to existing emission requirements:

a < e . /s
Definitions: y24n1;'~
Ty o

Avai]ab11{;;: The number of hours the CEM is available divided by the
. humber of hours in the period (percent).
Reliability: The number of hours the CEM operated divided by the boiler
— operating hours in the period (percent).
Data capture: The percent of time the CEM was producing.data\gompared to
the total amount of time that it could have produced data.

o BRS ‘T’Pﬁw&za&z; ‘ g
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The following subsections address the three categories individually
(vendors, users, and enforcement agencies), and a summary that draws the
responses together and compares the results is presented at the end of this
section. The responses received from users and enforcement agencies precede

the vendor input, which is in a somewhat different format, T

USER RESPONSES | P Cgém rrgo{ & FWW;“'/W

Utility Companies

. M
Twenty companies were contacted. Yfgyenteen responded to the'questions,

and three declined to participate in the study. The findings presented here
are based on the written responses as well as the impressions obtained during
telephone conversations with the utility contacts. Most of the companies
were cooperative. Some were apprehensive of the overall study objectives,

however, and a few refused to cooperate in any way.

The following is a list of general gopments, received:
MJW g

° A1l respondents indicated that CEM systems showed excellent availa-
bility, reliability, and data capture (greater than 90 to 95 percent).
(Some opacity monitors were reported to have greater than 99 per-
cent reliability and gyailability.)

° The costs per(systemf including recorder/data acquisition hardware
and software varied from $50,000 to $100,000.

° Reported order-to-delivery times reported varied from 1 to § months.
One company reported an order-to-startup time of 18 months.

° Reported vendor warranty ranged from 60 days to 1 year. In general,
service was considered poor and untimely. Parts were generally
available, except one case in which a relatively new unit had been
discontinued and parts had to be custom made by the source. Most
repair work was performed by in-house personnel,

° In many cases, the frequency of service calls (failure rate) was
very high early on, but as the sources assumed the responsibility
for maintenance and repair work, the failure rate dropped dramat-
ically.
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Future Trends--

The utilities generally expressed the following attitudes toward the
future trends of CEM's:

° Regarding reliability/availability, most felt that these would
@0uwﬂV’ ) probably improve to close to 100 percent,

ol % \ ° The applicability of CEM Systems is still a problem. They often
" il cannot be installed in environments where they might be most

Pnﬁ¢ ﬂ%ﬂdﬂ useful, and they are not always well suited for environments in

Lo Lriﬁuh\which they are currently being used. Most indicated .that current

., A applicability needs to be improved, especially tc withstand severe
“ m\\f; 01; (¢W operating conditions with less servicing and maintenance.
L0

. gpﬁv 4N£ ¢ud° The ease with which CEM Systems can be used is expected to improve.
\e Nﬁ‘ o User friendliness is still a problem, however, particularly regard-
i dd ing data acquisition and management systems. The average powerplant
. 9&9 . operator should be able to use the systems after minimal exposure
NW‘P jUWJ@ or instruction.
ffh

© Most of the respondents believed that the costs of CEM's, especially

operation and maintenance costs, would be higher in the future.
Implementation of CEM Systems--

Most respondents indicated that the use of CEM Systems offers an advantage
of generating a large amount of good data, despite the fact that the data
quality is very sensitive to the calibration, type of application, and frequency
of maintenance. Most respondents expressed concern about the idea of using
CEM Systems for automated regulatory purposes for the following reasons:

° The aforementioned sensitivity of data quality has led to erroneous
readings. The systems frequently give erroneous results when the
oxygen levels are lTow (startup situations). Thus, although no
emissions problems might be present, a flag would be raised. Also,

0‘(/during normal operations, the emissions can vary and sometimes
briefly exceed the normal limit, which creates compliance problems

gs\sz}”S W e Agency.
{;,
%ﬁpﬂf " Some respondents feared that using the data for regulatory control

7 of law suits, etc., as the data reported to the Agency will become

(’L‘/ﬂ pubTic knowledge. \7%7(4 #e %}e Ij&, cak;}zﬁlécf ) )U'e Shwcbocd.

&éga'%@w@ purposes poses several problems to the utility companies in terms
. 4‘\



Most respondents indicated that the CEM systems represent good
operating tools for control of emissions, but human analysis of the
data is required to make meaningful judgments. Because of the
uncertainties associated with the data, many fear that feeding such
data to a computer for the checking of emissions compliance would

- create confusion and result in subsequent waste of manpower in
paperwork and formalities.

Manpower requirements for operating CEM systems are already substan-
tial and likely to increase. Many believe that the proposed scheme
would increase the administrative load for both utilities and the
EPA. K

Many companies expressed dissatisfaction with CEM vendor support.

The 1ife span of CEM systems varies. On newer units, it could be
as long as 10 years for an S0, monitor and as much as 20 years on
an opacity monitor.

Two respondents had no objections to the use of CEM systems for moni
toring emissions compliance, and one of these two actually believes it is a
good idea. d

With regard to reporting the emissions to the Agency, most indicated
that the quarter1y‘rizgrilngjafs;em (with notification of all excess emis-
sions) was‘igggj.whﬁany reggmméhded yearly stack tests and the use of CEM
audits to check emissions if CEM systems were to be used. None of the com-
panies contacted believe that using CEM systems would affect their permits.
Future permits, however, might include provisions that require QA data in ad-

dition to emissions data as a condition of operation.

Fo
ot [ aﬂﬂvﬁ?:\oh
Summary-- (M }A\ "ot
\ 4 at
There was general agreement on the following points: /w}vi \ué‘of'k N\\ﬂ\" 40l
‘ 13
° Costs (capital and operating) for CEM systems are high. Wﬂn‘y k@ﬂh .
I L
° Manpower requirements are high to maintain acceptable CEM ,)gﬂ?‘ AJﬂ“WJ

operation.

b v
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° Although they are considered good operational tools for controlling
emissions, sources believe that CEM's should not be used to check
compliance with emissions regulations. « Bolfom|mp, ywgn: -r;z,ue a:mw&

Y s tAhEn o 1451508,
° Administrative work is expected to increaséyaf 6?& systems éré,used
for checking emissions compliance. (Q5;}5hpnlJ)‘

Industrial Users

Four industrial users (all pulp and paper industry) were contacted.
Together they used approximately 30 CEM's. Most of these units ‘are used for
dust (opacity) monitoring and total reduced sulfur (ﬁ5§2. In the industrial

boiler classification few boilers are equipped with SO2 %onitors.

The following is a 1ist of general comments receivedf’//\\' “ re ‘ flkiof N
o 5 e rnngd i pose, Rughuey
° Monitors can provide good availability (55 to .95 percent), but '7ﬁf’ﬁl
extensive manpower commitment is required to obtain quality data. rr
° The cost of a typical CEM system runs between $75,000 and $100,000.

° Satisfaction with vendor support varied with the manufacturer.

Future Trends--
The industrial contacts generally expressed the following attitudes
toward the future trends of CEM's.

© Newer monitors provide greater reliability/availability because
conditioning systems have improved.

° Routine operation and maintenance requirements are high. Having
qualified instrument people is essential to obtaining quality data.

© Concern was expressed about how the data generated are presented
and reviewed. Among the sources contacted, typical requirements
included monthly reporting.
Y
Implementation of CEM Systems--

Several common themes were voiced by the industrial users. First,

personnel costs to maintain the CEM systems are high ($25,000 to $40,000/yr)
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to produce the data required at the current level. A1l facilities contacted
are required to monitor and report emissions on a monthly basis, with daily
24-hour avemsages. Some have shorter averaging times. Second, the contacts

concurred that the reporting frequency should, in general, be@less n

monthly and i ily averages. Shortening the averaging time or report-

ing period would probably overwhelm the agency's ability to analyze the data.
Additional points noted included the following:

° Some CEM systems are extremely complex and additional expertise is
required to determine if the data generated are of good quality.

Wy 0 Reporting of .only violations of standards presents a negative
dﬁ ! ,QL image. Data reported should also include the times when compliance
A :$;$'t;7is demonstrated. N\

(/Unwwf’}’iﬂ . . : :
) ° For sources of highly variabte emissions, CEM systems provide the

P oy : ;
Abﬁ,.ﬁ' be - . rt-term qomg]1ance. .In some processes (e.q.,
fonv sulfite mills), the S0, monitor is essential to the process as well
o .‘Wébmn serving as a compliance tool. \_ whole Mien#}g.& a{h’h arvises +
'm(?{ ' s Gucy WP h Qi b iom 3

AT W Wy
& For more stable sources, CEM systéﬁé*gre prohgbgyﬁg ch more costly
\.5%& “7than annual stack tests. Most companies contacted are currently
ot Y 7 required to test some sources monthly to quarterly.
oo “ﬁ
caxh T
XQQ%GQ“ ° For industrial users, the base of available information is not
large, and they sometimes have to use utility experience in se-
lecting a monitoring program. &Ny
In general, the facilities contacted have had much experience with
monthly reporting because it tends to be an industry norm. They see evidence

that monthly reporting is the maximum that any agency can handle.

~ oy T\
Summary--

In summary,the following points were generally agreed upon among industrial

users of CEM's:

° Vendor service is highly variable and vendor-dependent.
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The operation and maintenance of CEM systems is costly for the
production of quality data. Newer equipment is more likely to
maintain calibration. The more complicated the monitor system, the
more costly it is.

° Although CEM data are used for compliance determination, increasing
the quantity of data reported is likely to exceed agency capabil-
ities to analyze and interpret data. The normal reporting frequen-
cy for the facilities contacted is monthly,

° Most facilities contacted monitor S0, as a secondary requirement
(after TRS). Sulfite mills monitor S0, both for compliance with
emission 1imits and for process operation, and their operation and
availability are essential to their production.

ENFORCEMENT AGENCY RESPONSES

Twenty-five erforcement agency personnel were contacted. Twenty actual-
ly participated in the study, and some provided extensive information. This
summary is based primarily on written responses to the questions mailed to
the various State/Regional agencies.

Most contacts believe that CEM systems would allow the users a real-time

feedback that could help alert the operator to potential’prob1ems. The CEM
- fok gedl of onfmepent dgene,.
data could be used for process optimization'and trend analysis, and would

allow the necessary preventive actions to be taken. They would also help the
Agency to ensure continuous compliance with emissions standards and to verify
compliance with short-term standards. It would also afford the Agency access
to all emissions inventory data.

The following is a list of general comments received.

© Most respondents recognized the fact that CEM System have high
capital and operational costs associated with them. Many respondents
also recognized that QA/QC is also of some concern and, hence, the
reliability of the emissions data. The use of CEM systems would
require agencies to increase their manpower and upgrade the necessary
hardware to be able to collect and analyze the data effectively.

,V nec@ﬁ”"i‘i

iV
;horfmf's /M/ lm{é fummmy fms
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° Typically, the Agency requires the sources to provide quarterly
Excess Emission Reports (EER), the reasons for exceedances, the
corrective actions initiated, total operational time of each
source, and the CEM downtime. Also required are the preventive-
/corrective measures taken to prevent recurrences.

° Most respondents believe that the present requirement for quarterly
reports is excellent, Some believe, however, that those sources
with frequent compliance problems should be required to report more
frequently. Quarterly reporting should stii] be considered as 3

minimum frequency requirement. 0’3’.%&. ~ ey, WP feels pllerwioe,
Enforcement and Requlatory Impacts (Permits, etc.)

° Respondents believed that the CEM systems will help in pinpointing
) sources that are in violation. Proper enforcement would require
/ ’L,,x \~ the use of telemetry for a rapid data transfer. This would allow
/ ant ) *K more control, would improve communications between the source and L
i %dﬂ%i Ay J\» the agency, and enab]e.the collection of greater amounts of data. Sourc? |

¢ : F B 37" !
| V?Q'JJ” Wfﬂ; P programmed to prepare the quarterly reports and point out excess Qwh69MM§/ﬁw
\ of all g gomeiter’ e ions. Some agencies approached the ideas with reluctance. el

) ,L ﬁ The inability of agencies to purchase complete hardware/software,v'1 ory
Zﬁba»gﬂlti} ho ’ .

L, ”; as well as staffing limitations places comprehensive automated L mgrve,
g b systems out of their reach. v LN s W refy Imprre:
f,l’ ﬂim; } ”9 J "J/ ’ \,\p\( \NU\“&‘ ng&w Loe m_vmal’lﬂ'
a Uﬁ ! “, (-]
J

The apparent consensus was that fﬁe use“ﬁ#ﬁgEM systems would permit otn

4} LfglmJ‘P%MJL. agencies to rely on_spot-checks £o ensure the system honesty. A Souy 4

N omLfﬂ“ﬁﬁﬁ few respondents, however, expressed EEHEEFH‘EBUUT‘fﬁE’EUE1ity of  sgungy fof

wﬁum KL' data generated (especially for S0, and NO monitoring), and, hence, %?f}, 2
the establishment of compliance based on these data. A way is 0 CAu
needed to verify that sourc%s comply with CEM QA/QC procedures to

ensure the data are valid. WG

L)
© A1l respondents believed that-fo changes in the regulations would
result from the use of CEM systems. They would be used to ensure
the full compliance with existing regulations. Also, any changes
in regulations would require a lengthy process of hearings, SIP
revisions, and public relations campaigns. Suggestions that averag-
ing periods might be shortened would be highly controversial. The
implementation of such changes would be on a case-by-case basis
during permit negotiations rather than through higher level hearings
Lo and rule-making activities.
L\‘Q%yuﬁ" -

0:&«qu Moreover, most RCRA facilities and other waste incinerators use CEM
ét qﬁ"' systems as a part of permit requirements. Some agencies suggested
éﬂl v that their permitting systems were sufficiently advanced that
q%vﬁma Q% future permitting would not be Tikely to change significantly.

B
pe Qﬁf%
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(’?;;~E§e of CEM's should not entail a change in the existing permits.
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;
° Most respondents expressed belief that the States would specify CEM

systems more extensively in the future to collect data, to check
compliance, and to monitor facilities that are frequent violators.
Some suggested their state would only expand efforts in this area
\&. if encouraged to do so by the U.S. EPA and had sufficient demon-
strated data indicating that CEM programs are viable tools for,
ok Aj{ Massessing continuous compliance. Nt el aofdboled. b
{ed ot ' /
a ﬂﬂqb“a

The consensus was that most facilities would not use CEM systems on
a voluntary basis; however, many faci]'ities;n'igh.t have to install
them because of permit requirements or as a(barg lgn item fo
facilities located close to cities. “?L#ﬁ.”/% /EW
7 m/ﬁ'

° Most agencies will require additional manpodest 0 review CEM
data. Additional manpower will also be required installation
and certification.. The manpower projection varied' from one to
eight full-time employees. Virtually all agencies contacted pro-
jected staffing increases and the need to upgrade computer hardware
and software. achv i

° Most agencies expect the administrative burden to increase in terms
of paper work, enforcement, data analysis, etc. A minimal increase
would require one (engineer a1f-‘;t1'me.

N

Summary ““* negLecda “’71 [*’"“ Q@ 6%4@.&&-( -"&Ln M',

The following summarizes the general enforcement agency responses.

Enforcement Difficulty--
The responses indicated the following problems will have to be solved in
the enforcement of CEM programs:

° Agency staffing will need to be increased to review and analyze the
data. \A@(ﬂm‘s Méccdze 0{ l&]fﬁ{a#m

wryn?/ Regulations will have to be enacted to define compliance standards
with respect to CEM technology. 7 .

(N //"-

V\'Wx) © No court precedence exists for CEM comph‘ance.@

e e The Agency does not appear to have a well-defined enforcement 7

Wit 3 policy. tL/

gt ° Some question the reliability of CEM data. They believe that it /
we %) would not be possible to prove noncompliance based on CEM data /L’O

because no reference method for SO, and NOx includes CEM's, '

=
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Efficiency of CEM System Usage--
Some difference of opinion exists in this area. The two schools of
thought on this issue were as follows:

Some respondents believed that no significant improvement in the
missions compliance would be achieved by using the CEM's. With a
very few exceptions, most facilities are believed to meet the emis-
si n . The non-compliance in a few cases was due to
gitive emissipns for which CEM's would be of little value.

\C/_ Many other respondents believed that the CEM's would help in effec-

| tively enforcing the emissions compliance and in pinpointing fre-

\9' quent violators. Also, automated CEM programs can reduce the

=" reliance on annual stack tests in some cases. A good automated CEM
system can allow agencies to respond more quickly and follow up on

problems more effectively, ,‘L yoIp ”’;‘_#07*‘.6 Ty FNSPECT'S
Future Trends--

Regarding future trenocﬁ.(\?wost believed that the reliability and avail-
ability of CEM systems shouid improve. Many expect more applications for
CEM's (HC1, HZS’ etc.) in the future. Some expect costs to increase, whereas
others suggested improving technology and electronics wou]d-gradually reduce

costs. Some agencies voiced an interest in CEM development in air toxics.

VENDOR RESPONSES

Fourteen CEM suppliers were contacted. All of them were cooperative,
and all participated, at least to some extent. A detailed summary of infor-
mation obtained from different CEM vendors is provided in Appendix A of this
report, which is a copy of the interim report for the project entitled "Re-
view of Manufacturers Data on Continuous Emission Monitors for 502, NOx, and
Opacity." This section constitutes a summary of the vendor information in

light of the response obtained from the sources and the regulating agencies.
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The following is a list of general comments received:

° The cost of the enfite system varies from approximately $60,000 to
$100.000. =

° Order-to-delivery varied from 1 to 4 months. 1Ip some cases the
delivery period was as long as 13 to 14 months,

Most vendors reported a warranty period of about a year. Some
reported warranty periods greater than a year. Others offered
different warranties on different system components. ,

A11 vendors reported greater than 90 percent data capture; however,
no information was furnished regarding the availability and relia-
bility because most believed it depends on the application, the
type of maintenance and care taken at the facility, etc.

Technical Information

One of the major concerns expressed unanimously by tﬁe industry (sour-
ces) and a few agencies was the quality of: the data generated by the CEM
systems. However, specific information/clarification addressing this concern
was not available from the vendors, however. Also, it is highly unlikely the
CEM vendors would critique their own systems, especially whén there is great
potential for expanding their market share,

The information on types of CEM systems available in the market, their
working mechanism, advantages, and disadvantages are summarized in Appendix

A. The salient features that have a relationship to the data quality are

presented here: ,/501 ik
° Range of Instrument. Varies. Could be anywhere from 0 to 1000
ppms. Fpparently some instruments can measure concentrations in
the ppb ranges.

° _Iogggf&ture. Most CEM systems appear to operate in the range of
100® to 150°F, but some units can operate at higher temperatures

(300° to 800° ).
(B 0 1 o i

(. 14ﬁ¢4}4}
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° Other parameters.

Zero drift = 0.5 to 1 percent/7 days
Span drift = About 1 to 4 percent/7 days
Response time = Varies; 2 to 200 seconds
Precision/ = 90 percent of full-scale
accuracy t 1 percent

Repeatability = About 0.2 percent of scale

Future Trends

Almost all vendors expect to have CEM systems suitable for Aore appli-
cations in the future. Extensive research is reportedly being done to im-
prove existing equipment to minimize the drifts, to increase sensitivity and
accuracy, and to make it more robust so that it can withstand severe opera-
ting conditions. A certain ambivalence about the future seems to exist,
however, especially because most believe that the future market will depend
on government regulations. Most vendors believe that the costs would remain
stable; however, a few expect costs to drop as a result of technological
advances. :

Most of the views expressed by the users and by some Agencies have been
corroborated by the vendors; however, the vendors believe that their equip-
ment is reliable and ideal for controlling and monitoring emissions, and
expect the performance to improve with advances in the technology. The
future market for this industry will depend greatly on regulations enacted by

the EPA.

SUMMARY OF ALL CATEGORY RESPONSES
Because responses varied greatly among categories of respondents, it was
not possible to make a point-by-point comparison of opinions. Some questions

that were appropriate for one group did not apply to one or both of the
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others, and each group did not interpret the questions in the same way, A1l
three groups are aware that the cost of CEM systems is high. As one would
expect, the cost concern was greater among utility/industrial contacts., A1l
three groups were aware of the manpower requirement to operate and maintain
CEM systems. This was identified by both utility/industrial and enforcement
agency contacts as an important concern that will become more s1gn1f1cant in
the future. Both acknowledged the need for staffing increases by agencies as
well. A1l three groups reported that CEM' s can operate at high
availabilities and reliabilities with adequate (sources suggest exhaustive)
0&M procedures. Sources are uncomfortable with propositions that promote a
heavy direct reliance on CEM's for compliance, but their use as an indicator
of compliance accompanied by human input/qualification was not objectionable.

A1l three groups generally agree that some sort of CEM-supported policy could

be effective in emissions monitoring and control. There was considerable OL

variance in the degree to which respondees believed (eveh ithin the agen\cy/?é'z"’
_

group) CEM system readings should be accepted in a compliance determ1nat1on - ¢
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SECTION 4
RECOMMENDATIONS AND CONCLUSIONS

Although industry may be apprehensive about using CEM systems, there is
good reason tc expect that problems can be averted and a workable policy can
be implemented that both industry and enforcement agencies will be comfort-
able with., The following points summarize recommendations and conclusions

that support the development of an effective CEM policy,

° National Policy Issue. Currently a well-defined national policy
s Tacking on the use of CEM's for checking compliance and enforce-
. mept. Current policies are not uniform; i.e., new and existing

C:f;/QAﬁbawbdgrces are subject to different standar compliance require-
ments. This is a sore point wi many sources, and many regard the
agencies' policies as unfair. In addition, many agencies and
sources believe that the current data requirements are redundant.
The EPA needs to formulate policy that will reduce data handling,
without compromising the quality.

° Quality of the Data Obtained From CEM S¥stems. Much apprehension y /
exists about the accuracy and quality of data generated by CEM N
Systems. Some recent studies carried out by the EPA, how ’
suggest that with proper care an i s systems give
fairly reliable data. @grg33fGEgE2a:::e2?z?3_;553;;;_;;—§z:::;—”~

operating CEM Systems may be required to establish the performance
capabilities. The technology has been used successfully abroad to
verify continuous compliance. Therefore, it is important to estab-
lish if the quality of U.S. instruments with these used abroad. ﬁ;cvﬁf'ﬂ,

°  High Capital and Operating Costs. Although this is aifzr .
/ cern, as the technoTogy is further developed, these cg qggld)f -
/o come down. In the long run, installing CEM Systems may 1) reduce
[ J';'“iiél . costs by eliminating the need to do expensive emissions testing

. v;x,quW;‘*i»eng;%;gygg;gr, 2) gain public and agency good will for the company,

3) P_the source to reduce emissiops and to operate the process
W optimallys and 4) reduce the Q?perwor required to astablish com-
5)iance. % N ,

c o S ek ///wﬁw¢/7

://54 g e 4 - s v

LC A nisk o | kool
s 3 .
' n‘ﬁﬂl [“]WWL
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° Increased Administrative Load for the Source and the Agency.
way the program is currently envisione » SOmMe 1increase co
in the specialized manpower requirement, especially fow g
and . By using telemetry, however, the Ag ncy can

il w reduce the frequency at which the sources have to file emissions
\,}5@_3& eports, which would reduce the paperwork and the official for-

v ‘\&» ‘malities. Also, as the program develops, the Agency can use an

"’O&N’ V:” sapproach similar to that used in Germany, wherein the amount of

M¢- i" data that needs to be handled is considerably reduced.

~

&)

%‘“ Lack of Legal, Precedents on CEM S stems in Courts. This should not
/ be a probTem ﬁ view of the 1'ncri sed reTiabiTity azd ‘accuracy of,
03‘%'/ CEM Systems. \>} ld hwow vind Jhiy ymeans. Tors o m%me ane Mg

° Guidance Document. A National policy/guidance document of Federal O
PA recommendations for establishing a State CEMS plan similar to Gg‘ﬂ
that existing in Pennsylvania could be prepared. Such a document
would include such items as projected staffing and computer needs
of various implementation levels.

= Need for Further Study. There is a need for further study on both
the technoTogy and en¥orcement of CEM regulations in Japan and
European countries.
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Introduction

The purpose of Task 1 of the CEM STAR project is to determine the state
of the art of continuous emissions monitoring systems (CEMS). A list of
major manufacturers was developed using the Thomas Register, Pollution Equip-
ment News, the literature and other manufacturers. These manufacturers were
surveyed and their responses (as well as data from other sources) were sum-
marized to determine the types of monitors in use today, theijr costs,
applications, and specifications. This has been done for CEMS which moni tor
sulfur dioxide, oxides of nitrogen, and particulate matter (PM). The
information summarized includes type of monitoring technique, manufacturer,
sensitivity, temperature range, estimated percent data capture, cost,
expected lifetime, warranty, delivery time, and applications. Tables 1
through 3 summarize this information for s0,, NOX. and PM, respectively and a
description of each type of CEM evaluated is presented below.

Nondispersive Infrared Monitors

Non-dispersive infrared (NDIR) technolegy is one of the most popular
techniques available. It is predominantly used to analyze S0, emissions but
can also be used for NO. However, it can not analyze NO, emissions. Major
manufacturers of this primarily extractive technique for SO0, include Westing
house, Horiba, Datatest, and Lear Siegler, Inc. These models can have dif-
ferent sensitivity ranges according to the consumers needs, varying from a
minimum of 10 to 20 ppm to a maximum of 1000 ppm. Westinghouse has a model
which can measure up to 100 volume percent. This model can also be used for
NO. Water vapor interference is a problem with this technique, so a good
conditioning system must be used to rid the gases of any water present. The
temperature of the gas must also be Towered to 125-150°F before entering the

ana]yzer.1

Most manufacturers of this type did not want to comment on reliability
or availability of their equipment, due to the dependence of these factors on
the source of emissions and the care of the consumer. Westinghouse, however,
said that they have more than a 90 percent data capture rate on their model.
Literature provided by Westinghouse gave zero and span drifts of 1 percent
per week, repeatability of 0.5 percent of full scale, and an adjustable
response time of 1.5, 4.5, or 11 seconds for 90 percent of full scale. The
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San Francisco Bay Area Air Quality Management District ( BAAQMD) reported a
value of 99 percent for the d9ta capture rate of the NDIR continuous emis-
sions monitors in their area.®

A1l of the above manufacturers offer a one year warranty. Equipment
costs of these monitors (analyzer and recorder) varied from $5,200 for a
Westinghouse to $35,000 for a Datatest model. Installed costs for complete
systems ranged from $60,000 - $80,000 depending on the source of emissions
and included data acquisition system. Applications for this technique in-
cluded emissions from boiler and utility stacks, process control, incinera-
tors, and emissions from the pulp and paper industry.

Pulsed Fluorescence Monitors

Pulsed fluorescence is an extractive technique for measuring sulfur
dioxide emissions which involves molecules absorbing ultraviolet light and
emitting fluorescence. This technique can measure lower concentrations than
can be measured using NDIR. Interference problems stil] occur with water
vapor and also with carbon dioxide. Pulsed fluoroscence monitors cost less
than NDIR monitors, with a range of $8000 - $8500 for equipment costs.1

Monitor Labs, Columbia Scientific Industries and Thermo Electron
Corporation manufacture pulsed fluorescence monitors. Each model can vary in
sensitivity range with Columbia Scientific offering two ranges: 0-250 ppb
and 0-10 ppm.. Temperatures that the analyzer can withstand vary greatly.
Thermo Electron's model has a maximum temperature is 300°F and Columbia
Scientific's model, 80°F.

A1l of these manufacturers reported a data capture rate of over 90
percent, with Thermo Electron claiming 97-100 percent data capture. Monitor
Labs gave data in their brochure of a zero drift of 3 ppb/7 days and 2 ppb/24
hours, a span drift of 4 percent/7 days and less than 0.5 percent/24 hours, a
response time of 260 seconds to reach 90 percent of full scale, and a pre-
cision of 0.001 ppm.

A1l manufacturers offered a 1 year warranty and expect the CEM to last
at least 10 years, dependent upon the application. Applications are much the
same as for NDIR, utilities, incinerators, and the pulp and paper industry.
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Nondispersive Ultraviolet Monitors

DuPont and Western Research manufacture CEMs using another extractive
technique called non-dispersive ultraviolet (NDUV). KVB who sells monitors,
but does not manufacture them praised this type of monitor. There is much
less interference in the UV spectrum than in the IR spectrum. DuPont's model
will handle both S0, and NO,, but Western Research's only measures S0,.
According to KVB, the Western Research model is more reliable than the DuPont
model because it measures on two wavelengths. The sensitivity range for
DuPont is 0-100 ppm, but Western Research measures 0-500 ppm. The DuPont
model has been criticized in the literature, because its conditioning system
did not perform well, and should not be used for wet gases.l’3

No data were available on percent data capture. The specifications for
the Western Research CEM are less than 1 percent of full scale drift, 0.25
percent of scale reproducibility, and an accuracy of 1 percent of full-scale.
It costs $80,000 for a single point system and comes with a 1 year warranty.
Applications for this technique include ‘utilities, chemical plants,
refineries, and the cement industry.

Flame Photometric Monitors

The Meloy Model SA28SE using a flame photometric deVice is another
extractive system by Columbia Scientific Industries. This model is used for
ambient monitoring as opposed to source monitoring and is designed for very
Tow concentrations of SO, with ranges of 0-50 ppb and 0-1 ppm. Its equipment
cost is $9000 and it has a data capture rate of over 90 percent. A zero
drift of 2 ppb/12 hours and 5 ppb/24 hours, and a response time of 0.5 to 5
minutes for 95 percent of scale can be obtained with this monitor.

Electrochemical Monitors .

Another extractive technigue used for low concentrations and is best
suited for indoor pollution is electrochemical. Interscan and Sensidyne are
two manufacturers of this equipment which will measure both S0, and NO, .
Sensitivity ranges from 0-100 ppm and the monitors cost $2500. Although no
manufacturer gave data on percent data capture, a survey in the literature
reported 98 percent data capture rate in the California South Coast Air
Quality Management District (SCAQMD).2
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Chemiluminescence Monitors - NOx

Chemiluminescence is an extractive technique used to measure NOx emis-
sions. Manufacturers of this type of CEM include Thermo Electron, Monitor
labs, Horiba, Datatest, Columbia Scientific Industries, and Lear Siegler,
Inc. The Thermo Electron Model 10 or the Monitor Labs Model 8840 come highly
recommended.1

Monitor Labs gives specifications for their monitor as zero drift of 0.4
percent/24 hours and 0.5 percent/7 days, span drift of +1 percent/24 hours
and 2 percent/7 days, a response time for 95 percent of 3 minut;s, and a
precision of +1 percent.

Thermo Electron model has a drift of t]1 percent/24 hours, repeatability
of 0.2 percent, a response time of 0.7 seconds for 90 percent of full scale
and an accuracy of *1 percent of full scale.

Over 90 percent data capture rates were given with Thermo Electron
reporting greater than 97 percent. SCAQMD and Texas Air Control Board (TACB)
reported 99 percent for the chemiluminescent CEMS in their areas.2

The costs of these analyzers varies greatly from $8000 to $35,000. An
entire system can cost anywhere from $60,000 to $100,000. A1l manufacturers
offer at least a one year warranty with Monitor Labs offering a two year
warranty. These monitors can be used for all types of stack emissions.

In Situ Monitors

Westinghouse, Lear Siegler, and Dynatron each make in-situ models that
utilize different techniques. Dynatron uses non-dispersive infrared to
monitor SO, and NOX. This monitor has sensitivity ranges of 0-250 ppm and
0-500 ppm for SO2 and NOx respectively. It is automatically calibrated, can
reach a stack temperature of 800°F, has an adjustable response time of 1-999
sec, repeatability of +1 percent, a drift of 1 percent full scale for 30
days, and an accuracy of *2 percent full scale. No information was given on
cost, but a two year warranty came with this model.

Westinghouse's in-situ CEM uses an electrolytic probe. A variety of
concentration ranges from 10-1000 ppm sulfur dioxide and temperatures of
1500°F can be handled with this monitor. Ninety percent data capture is
possible with this model and it costs $80,000 for 2 complete system with a 1
year negotiable warranty. Applications include process control or monitoring
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stack emissions for compliance. Utilities and fluidized catalytic cracking
units are two examples.

Lear Siegler's in-situ model uses a second derivative ultraviolet tech-
nique to measure box Nox and SO,. This model has equipment costs of $40,000
with a 1 year warranty. In a literature survey, the California South Coast
Air Quality Management District reports a 96 percent data capture rate, the
San Francisco Bay Area Air Quality Management District a 97 percent rate, and
the Texas Air Control Board a 89 percent for CEMS using this teqhm‘que.2

Opacity Monitoring

Opacity monitors come in two types: single pass and double pass.
Single pass monitors have a Tight source on one side of a stack and a receijv-
ing unit on the other to measure transmittance. Double pass monitors have
the 1ight source and receiving unit on one side of the stack with a mirror on
the other to reflect the 1ight back across the stack to the receiving unit,
Costs depend on the stack diameter and source of emissions. A typical single
pass monitor could cost $3000, while a double pass would cost around $20,000.
The Texas Air Control Board (TACB) reported 97 percent data capture on the 11
models in their area. Of these 11 models, 175 malfunctions occurred in an 18
month period with an average downtime of 16 hours. Seventy-four (74) percent
of the malfunctions were due to data processing equipment.2

For NO, and SO, extractive models in the SCAQMD, BAAQMD and TACB areas,
519 malfunctions occurred within 41 models, with an average downtime of 12
hours. Seventy two in situ models had 1054 recorded malfunctions with an
average downtime of 39 hours.z

Future Trends in CEMs

Manufacturers representatives were asked their opinion on the future of
CEMs. It was believed that the applications for CEMS would increase in the
next several years. Much research is going on to improve the available
equipment so that less drift occurs and more sensitivity is achieved.
Columbia Scientific Industries is currently trying to develop a monitor for
use in the pulp and paper industry. Such a monitor would be subject to a
very dirty environment and would require good conditioning equipment.
Westinghouse and Thermo Electron expect CEMs to be used more often in in-
cinerators.
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Westinghouse is doing significant amount of research and has a new product on
the market for SO,. Several manufacturers were not sure what to expect, but
felt that the market would depend on government regulations. Most repre-
sentatives felt that the costs would remain stable although some expected a
slight decrease with new technology.
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TABLE I. SUMMARY OF MANUFACTURERS' DATA ON CEM'S FOR 502 PROCESSES

Temperature % Data Delivery
Technique Manufacturer  Sensitivity range °  capture Cost Lifetime Warranty time Applications
NDIR Westinghouse 10-1000 ppm  <1800°F 90+ $5,200° NAY* 1 year <3 months Industrial uses
{stack) Monitor stack emissions
NDIR Syconex 2-7 microns  0-1000°F NAV $19,000-$22,000% NAY 1 year 2-2§ months  Combustion efficiency
(In-situ) {stack) Compliance with EPA standards
NDIR Horiba Varies -15°C-110°F  NAV $15,000+2 10+ years 1 year 3-6 months  Power, paper & pulp incineration
$100,000 + :-o‘
entire syst
NDIR Data test Varies in <125-150° NAV $25,000-$40,000 10-15 years 1 year 2-3 months Utility stack emissjons
range . $80,000+ for b
0-500 ppm entire system
min and max
NDIR Lear Varies -20-110°F NAY $60,000 30 years 1 year 24-3 months  Stack emissions
Siegler, Inc. includes
analyzer and
controls
NDIR Enviroplan Varies <130°F for >90% 329.000‘ Probe lyr 13-18 months Industrial stack emissions,
(buys from analyzer one gas 7 yrs waste to energy systems
others) Analyzer
>10 yrs
IR Dynatron ppm to per- 800°F max NAV NAV Varies 2 years Varies Stack emissions
{In-situ) cent varies
Electrolytic Westinghouse 10-1000 ppm 1500°F >90% $80,000+ NAV .1 year <3 months Stack emissions, process con-
Probe (in-situ) {various for systeup (negotiated) trol, fluidized cat-cracking
ranges)
2nd Derivative Lear Varies NAY NAY . $40,000" 30 years 1 year 1 month Stack emissions
Ultraviolet Slegler
{in-situ)
Pulsed Monitor labs  0.001 ppm 5-40°C 92-93%  $8500° 8-10 years 2 years <3 months Ambient, stack emissions
fluourescent minimum e
Pulsed Thermo ppb 300°F max 97-100% $8500° 10+ years 1 year 3 months Process control, stack emissfons
fluorescent Electron 60.02‘
syst

{continued)
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TABLE 1 (continued)

Temperature % Data Delivery
Technique Manufacturer Sensitivity range capture Cost Lifetime Warranty time Applications
NDuy DuPont 0-100 ppm -20-120°F NAV NAY NAY 1 year NAY Plant stacks to meet regulations,
model 400 chemical plants, refineries, etc.
NDUV Western 0-500 ppm NAV >90% $80,000 10 years 1 year 3 months Stack emissions from utilities,
Research sing)ebpt. cement industry
(from kv8) system
Pulsed Columbia Varies 70-80°F >90% $8000? 10-15 yrs  NAV 2-3 months  Coal-fired applications, venting
fluorescence Scientific Low 0-250 ppb 1100°F Probe: 1 yr of 1andfi1) gas (causes problems)
SA-700 High 0-1 ppm probe not for pulp and paper
Flame Columbia Varies 70-80°F >90% $9000° 10-15 yrs  NAV 2-3 months For low concentrations - ambient
photometric Scientific Low 0-50 ppb  1100°F Probe: 1 yr monitoring
SA-285-E High 0-1 ppm
Electro- Interscan Varies NAY NAV Analyzer 2500, 5 years Analyzer 1 yr Varies Indoor pollution, for health and
Chemical Min 0-1 Recorder Probe 6 mths safety of workers, not stacks
Max 0-50 ppm $500-$1400
Electro- Sensidyne 0-10 ppm or 14°-122°F NAV $3050° "3 years Analyzer 1 yr 1-1} months Indoor pollution
Chemical 0-100 ppm for sensor Probe 90 days

*NAV means data §s not available.

U Analyzer and recorder only.

b Installed cost of analyzer, recorder, and data acquisition system,
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TABLE I1. SUMMARY OF MANUFACTURERS' DATA ON CEM'S FOR NOx PROCESSES

Temperature % Data Delivery
Technique Manufacturer Sensitivity range Capture Cost Lifetime Warranty time Applications
Chemi lum- Thermo As low as % 300°F max  97-100% $8,500° 10+ yrs 1 year 3 months Process control;
inescence Electron 1 ppb stack emissions
Model 10
Chemi lum- Monitor 2 ppb 5°C-40°C 92-931  $8,100° 8-10 yrs 2 years <3 months Mainly ambient,
inescence Labs minimum some adapted for stacks
Model 8840
Chemi Jum- Horiba Varies -15°C-110°F NAV $15,000+ 10+ yrs 1 years 3-6 months Stack emissions from power,
inescence $100,000+ paper, and pulp incineration
for enﬁire
system
Chemi Jum- Data test Yaries <125-150 NAV $35.000-. 10 years 1 years 2-3 months Utility stack emissions
inescence in ranges $40,000,
0-500 ppm $80,000+ for A
min and max entire system
Chemi lum- Columbia 0-5 ppm 70-80°F 901+ $80007 - 10-15 yrs NAV 2-3 months Stack emissions from coal-fired
inescence Scientific Model 1000 Probes "grobe applications, cement kilns, not
Industries 0-1000 ppm 1100°F ~ 1 year for pulp and paper
Model NA-510 Stack
Chemi lum- Lear Varies -20-110°F NAV $60,000 30 years 1 year 24-3 months  Stack emissfons
inescence Siegler, (analyzer
Inc. and control)
Electro- Interscan 1152 0-2/ NAV NAY Analyzer $2500, S years Analyzer 1 yr Varies Indoor pollution, for workers
Chemical 0-10 Recorder $567- Probe 6 mths safety
1154 0-10/ $1400
0-50 ppm
Electro- Sensidyne 0-10 ppm or 14°-122°F NAV -31200 sensor 3 years 1 year 1-1) months  Indoor pollution
Chemical 0-100 ppm $1800 analyzer (sensor) elections
90 days
sensor
NDIR Syconex 2-7 microns  0-1000°F NAV . $19,000-22,000° NAV 1 year 2-3 months Combustion efficiency
(in-situ) (stack)
NDIR Enviroplan Varies <130°F >90% $29,000 tgtnl Probe 7 yrs 1 yr 13-18 months Stack emissfons, waste to
(Buys from in analyzer for 1 gas Analyzer energy operations
others, does > 10 yrs
not manuf.)

{continued)
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TABLE 11 (continued)

Temperature % Data Delivery
Technique Manufacturer Sensitivity range Capture Cost Lifetime Warranty time Applications
IR Oynatron ppm to % 800°F max NAV NAV Varies 2 years Varies Stack emissions
(in-situ) varies
NDIR Westinghouse 20 ppm- 32-105°F >90% $5200° NAY 1 year <3 mths Process control, boiler stacks,
(Mathak) 100 vol. % :820": (negotiated) air pollution control
stac
probe)
2nd Lear Varies NAY NAY $40,000% 30 yrs 1 year 1 month Stack emissions
Derivative Stegler
Ultraviolet {in-situ)
NDUY DuPont 0-200 ppm -20-120°F NAV NAV NAY 1 year NAV Plant stacks at chemical plants

and refineries, EPA Regulations

'NAV means data is not available.

a Analyzer and recorder only.
Installed cost of analyzer, recorder, and data acquisition system.



TABLE 111, SUMMARY OF MANUFACTURERS' DATA FOR OPACITY

Temperature, % Data Delivery
Technique Manufacturer Sensitivity range capture Cost Lifetime Warranty time Applications
Double pass Dynatron 0-100% 750°F max NAY NAV Varies 3 years on Varies Stack emissions

30-150°F light source

microproc.
Double pass Syconex 0-1000°F NAV $19,000-22,000° NAV 1 year 2-2} months Compliance with EPA standards
Single and Data test 0-100% NAV NAV $995-20,000° 10-15 years 1 year 2-3 months Stack emissions
double pass
Single pass Wager 0-100% 0-50°C NAV $2978 tota1® NAV 1 year 13-2 months  Incinerators, baghouses, stack

1% increments emissions
Double pass Lear NAY -20-110°F NAV $20,000-24,000 30 years 1 year 2§-3 months  Stack emissions
Siegler (analyzer and
control)

EL-v

a Analyzer and recorder only.

.NMI means data 1s not available.

b Installed cost of analyzer, recorder, and data acquisition system.



